Abstract. Colorectal cancer (CRC) is the second most common cause of cancer related death. Prognosis is highly dependent on stage at diagnosis making early detection mandatory. This study aimed to identify novel disease specific biomarkers of CRC, validate our previously identified biomarkers of CRC and identify serum biomarkers predicting treatment response and for monitoring. Serum of patients with metastatic CRC was collected, according to a predefined schedule, prior to start of standard first-line chemotherapy with oxaliplatin and capecitabine and serially before each 3 weekly treatment cycle and analyzed for proteomic profile by standardized SELDI-TOF MS. Serum proteomic mass spectrometry data of all subjects were processed using the tbimass R-package and proteomic profiles of CRC patients were compared with those of matched normal control subjects. Furthermore, changes in proteomic profiles during the course of chemotherapy were recorded according to treatment response. In total, 42 patients with advanced CRC were treated and mean follow-up was 13.5 months. The response rate was 50% and the median overall survival 19.5 months (95% CI: 16-23). By comparing CRC patients and healthy controls we identified 13 potential biomarkers of CRC (m/z 2.0-31.9 kDa) whereas two proteins, m/z 14060 and 28100 Da (apolipoprotein A-I), were highly significant (p<0.0001).
Introduction
Excluding skin cancer, colorectal cancer (CRC) is the third most commonly diagnosed cancer and the second most common cause of cancer-related deaths in Europe and the United States accounting for about 10% of all cancer-related deaths (1) . Epidemiologic and genetic studies suggest that CRC results from a complex interaction between inherited susceptibility and multiple environmental and lifestyle factors. The natural development of CRC, through series of specific mutations, follows gradual progression from benign adenomatous polyps with increasing dysplasia to infiltrating adenocarcinoma and advanced disease (2, 3) . When CRC is diagnosed and treated at an early stage the 5-year survival rate reaches 90%, but declines to 60% in case of loco-regional disease and 10% in case of metastatic disease at the time of diagnosis (1) . Unfortunately, only 40% of all CRC are diagnosed at an early stage making CRC a major cause of morbidity and mortality worldwide. Early detection of CRC, by screening with different techniques, has not reached broad acceptance because of limited sensitivity, high false negative and/or positive results, their invasive character and low patient compliance (4-9). The high curability of early stage disease and the declining survival with higher disease stage ONCOLOGY REPORTS 24: 57-64, 2010 57 Identification of serum proteins as prognostic and predictive markers of colorectal cancer using surface enhanced laser desorption ionization-time of flight mass spectrometry urges the development of sensitive non-invasive screening methods with widespread applicability. Serum biomarkers are among the most promising future screening tools but also of great interest in the search of better predictive markers of chemotherapy response and treatment tailoring. With surface-enhanced laser desorption/ionization-time of flight mass spectrometry (SELDI-TOF MS) technology we are able to analyze the relative expression levels of proteins over a wide range of molecular weights in biological samples. Differences in protein expression level could then be used to identify for example disease state by its proteomic profile or 'fingerprint' from biological samples such as serum. Proteomic analysis also avoids overlooking post-translational modifications and is ideal to analyze changes occurring during chemotherapy. In a retrospective analysis in patients with advanced colorectal cancer we previously identified serum peptides that differentiated between normal controls (NC) and patients with CRC (10) .
We hypothesized that we would be able to: i) identify novel peptides that differentiate between NC and CRC patients; ii) identify peptides that predict response to chemotherapy; iii) confirm our previous observation of proteins that differentiate between NC and CRC patients; and iv) identify peptides that change differentially over time in chemotherapy responsive and non-responsive patients. Serum of patients with advanced CRC was prospectively collected, prior to and during first-line chemotherapy with oxaliplatin and capecitabine, and analyzed with SELDI-TOF mass spectrometry simultaneously with serum from normal control subjects. Subsequently, we compared baseline (t=0) serum proteomic profiles of CRC patients with those of NC and investigated whether the baseline proteomic profiles of CRC patients were different between treatment responders and non-responders.
Materials and methods
Subject characteristics. We prospectively collected serum samples from chemotherapy naive patients with histologically confirmed advanced colorectal cancer (CRC) that were eligible for standard first-line chemotherapy. The study was approved by our local medical ethics committee and all patients gave written informed consent. Only patients with performance score WHO ≤2, measurable disease according to RECIST criteria (11) and acceptable hematologic, renal, and liver function: neutrophils ≥1.5x10 9 /l, platelets ≥100x10 9 /l, creatinine ≤130 μmol/l, liver AST and ALT less than twice the ULN (≤5 x ULN in case of liver metastases) and bilirubinemia <1.5 times the ULN, were included. Patients treated with pre-operative chemoradiotherapy for locally advanced rectal cancer with a low dose of a fluoropyrimidine at least 6 months prior to study entry were allowed to participate. The control group consisted of healthy subjects that were selected based on a short questionnaire and matched for age, gender and time period of blood donation.
Treatment. All patients received first line chemotherapy with oxaliplatin 130 mg/m 2 given intravenously in 120 min on day 1, followed by capecitabine tablets 1000 mg/m 2 , twice daily orally, on day 1-14, in a cycle of 3 weeks. Oxaliplatin was given in 500 ml glucose 5% with standard premedications and anti-emetics. Tumor response was assessed every other cycle by computer tomography scan.
Sample collection. Whole blood samples were obtained at regular predefined time-intervals starting within 2 weeks prior to the start of chemotherapy and immediately prior to each chemotherapy cycle. All blood samples were collected during a standardized drawing and handling procedure in standard tubes (BD Vacutainer™ SST II 8.5 ml, BD Co., Franklin Lakes, NJ, USA). Samples were allowed to clot during 15 min and centrifuged within 1 h at 3000 rpm for 10 min at room temperature. Subsequently, the serum was transferred in equal aliquots to 5 polypropylene tubes (1.4 ml) and stored at -30˚C until analysis. All serum samples originate from the Netherlands Cancer Institute serum bank. The primary analysis was the comparison of the proteomic profiles of colorectal cancer patients (CRC) and normal subjects (NC). For the subsequent analysis of proteomic profile differences between responding patients and non-responders the patients were divided in two groups according to response: i) responders; patients developing complete response, partial response and stable disease of >6 months duration, respectively; and ii) non-responders; patients developing stable disease of <6 months duration or progressive disease, respectively. In the search for prognostic proteomic profile predicting survival we divided the patients according to shorter/equal to or longer than 6 months survival.
SELDI-TOF analysis. Protein profiling was performed using SELDI-TOF mass spectrometry (Bio-Rad Laboratories, Hercules, CA, USA). Previously, we screened different chromatographic and binding conditions in patients with colorectal cancer (10) . The CM 10 chip is a weak cation exchange chip containing anionic carboxylate groups that bind positively charged proteins in serum. A binding buffer of 20 mM sodium phosphate + 0.1% Triton X-100 (Sigma, St. Louis, MO, USA) (pH 5.0) and a 100% solution of sinapinic acid (SPA; Bio-Rad Laboratories) in 50% acetonitrile (ACN) + 0.5% trifluoracetic acid (TFA) as energy absorbing matrix gave the most discriminating m/z values between CRC patients and NC (10) . All samples were thawed only once for analysis. After thawing the serum samples were denatured by adding 180 μl of a solution containing 9 M urea, 2% CHAPS, 1% DTT (all from Sigma) to 20 μl of serum. CM 10 chips were assembled in 96-well format bioprocessors (Bio-Rad Laboratories). During all steps of the protocol, the bioprocessor was placed on a platform shaker at 350 rpm. Chips were equilibrated twice with 200 μl of binding buffer for 5 min. Subsequently, 180 μl of binding buffer and 20 μl of denatured sample were applied to the chip surface. Sample allocation was at random for comparison of CRC vs. control sera. For the analysis of serial CRC sera all samples from the same patient were analyzed on the same chip whenever possible and remaining samples were allocated at random. For quality control a separate sample from a normal subject was used and spotted on remaining locations (4-6 spots) across the bioprocessor. Incubation was set to 30 min. After binding, the chips were washed twice for 5 min with binding buffer, followed by two 5-min washes with binding buffer without Triton X-100. Finally, chips were rinsed with de-ionized water; air dried and finished with two 1-μl SPA applications to the sample spots.
The reproducibility of the applied methodology was previously validated by our group (10) . Protein chips were analyzed using the PBS-IIC ProteinChip Reader (Bio-Rad Laboratories). Data were collected between 0 and 200,000 Da). Data collection was optimized for detection of discriminating peaks, resulting in an average of 65 laser shots per spectrum at laser intensity 150, detector sensitivity 8 and laser focusing at 3000 Da. M/z values for the detected proteins were calibrated externally with a standard peptide mixture (Bio-Rad Laboratories) containing vasopressin (1084.3 Da), somatostatin (1637.9 Da), dynorphine (2147.5 Da), ACTH (2933.5 Da), insulin ß-chain (bovine; 3495.5 Da), insulin (human recombinant; 5807.7 kDa) and hirudin (7033.6 Da).
Bioinformatics. Clinical data processing and overall survival estimation was performed by SPSS 13 edition. (SPSS Inc., Chicago, IL, USA) and using the Kaplan-Meier method. Proteomic data were analyzed with ProteinChip Software package version 3.1 (Bio-Rad Laboratories).
Initially we compared serum samples from CRC patients collected prior (T=0) to start of chemotherapy with matched NC. For this analysis all acquired spectra were compiled and analyzed as a whole. Next we used the T=0 proteomic profiles from all evaluable CRC patients and analyzed in accordance with chemotherapy response. For these analyses all spectra were baseline subtracted and normalized to the total ion current between 1.500 and 200.00 Da. Peak differences between CRC responders and non-responders and NC were calculated with the Biomarker Wizard (BMW) software application, comparing intensities of all detected peaks with non-parametric statistical tests. Peak clustering settings were: signal-to-noise ratio ≥5, appearance in ≥30% of spectra, second pass signal-to-noise ratio of ≥2, and a 0.5% cluster mass window. P-values <0.01 were considered statistically significant (10, (12) (13) (14) . Based on the quality control sample the mean coefficient of variation (CV) over all analyses was calculated for each significant peak. We assumed that the identified potential biomarkers of CRC, peaks with m/z values that differentiate between CRC patients and NC, were most likely to change in intensity according to response to chemotherapy, acting as predictive biomarkers.
Finally, we analyzed serum samples, which were serially collected throughout the chemotherapy treatment, investigating changes in proteomic spectra during chemotherapy.
For pre-processing the spectra were re-sampled to a common m/z vector and the baseline was corrected using the PROcess R-package. Furthermore, the intensity of the spectra was normalised to the total ion current to reduce noise variance between replicate measurements (15) . To correct for small deviations in the m/z values due to the calibration the alignment algorithm by Jeffries was implemented in tbimass and applied (16) . For classification the support vector machine implementation within the MCRestimate R-package was applied. For variable selection a variable filtering procedure based on the relative intensity variance was used for classification. To assess the classification accuracy a 10-fold repetition of 10-fold cross validation with a nested 3-fold parameter optimisation loop was conducted. The number of variables used for classification was reduced in each classification by recursive feature elimination (17) .
Peaks that were identified in less than four patients of the serial analysis were judged as not to be candidate biomarkers of response and therefore excluded from further analysis. Furthermore, we included peaks with m/z values previously shown to correlate with malignancies (10, (18) (19) (20) and all peaks that were prominently present in 4 or more spectra of each individual patient. Changes in peak intensity of identified peaks (m/z values) were followed over time throughout chemotherapy. The peak selection was independently reviewed by two of the authors (H.H. Helgason and J.Y.M.N. Engwegen). Response assessments were according to protocol less frequent than blood sampling. Therefore, we correlated response to chemotherapy with proteomic profile obtained in serum collected at similar time point. Assuming that possibly predictive profiles would be different in responding patients compared with not responding patients we excluded patients with stable disease as best response. Serum collections from patients that had been assessed as having PD according to RECIST were classified as PD observations.
For each peak a linear mixed effects model (using the 'lme' package in S-plus (S-plus, v. 6.2 professional; Insightful Inc., Seattle, WA, USA) was constructed with the log transform of peak intensity as the response variable. To account for the skewedness of the peak intensity data log transforms were applied prior to the analysis. Time (weeks), disease state, chemotherapy and the interaction term between week and disease state, were taken as fixed effect variables. Patient and its interaction with time (week) were taken as random effect variables. The Wald F-test (21) was used to select significant fixed variables. A relationship was considered significant if in the final model either disease state or its interaction with time (week) had a p-value <0.05. A sensitivity analysis was performed by repeating the analysis on the subset of the data in which the PD observations that lie between PR and PD assessments were excluded.
Due to the explorative nature of the analysis we consider the analysis as a hypothesis creative and consequently do not adjust the final p-values for multiple testing. Instead, we interpret the p-values as the strength of evidence for each particular relationship by calculating the lower bound of the type I error probability conditional on each observed p-value (22) .
Results
Clinical outcome. A total of 63 patients with advanced colorectal cancer were screened. Fifty-five patients were eligible for study objectives. The reason for exclusion were previous (neo-) adjuvant chemotherapy (n=4), chemoradiotherapy (n=2), previous liver perfusion (n=1) or prior hyperthermal intra-peritoneal chemotherapy (n=1). In addition 13 patients were excluded from proteomic analysis because of protocol violation regarding the baseline serum sample collection. In total 42 patients with mean age of 57 years (range, 37-73) were treated with first-line oxaliplatin and ONCOLOGY REPORTS 24: 57-64, 2010 capecitabine chemotherapy in a 3-week cycle according to protocol. Further clinical characteristics are shown in Table I . Twenty-six patients (62%) had two or more metastatic sites. No patient had only peritoneal involvement. The mean follow-up was 13.5 months and the 42 patients completed in total 233 (mean 6; range 1-10) chemotherapy cycles. Two patients were not assessable for response, one because of localized stage III disease and one because of clinical progression and deterioration after only one cycle. There were no complete responses, 20 patients developed a partial response (response rate: 50%) and 10 patients had stable disease. The maximal response was usually seen after 2-4 cycles of chemotherapy followed by stabilization. In case of a favorable tumor response and reasonable tolerability, it is common practice at our institute to maximize treatment by 6-8 cycles followed by watchful waiting. Ten patients were chemotherapy resistant from the start of treatment and showed progressive disease at first evaluation. Median overall survival was 19.5 months (95% CI: 16-23) ( Table II) . The median time to progression was 6.2 months (95% CI: 5.6-6.7), median progression-free survival was 6 months 95% CI: 5.4-6.5) and progression-free survival was 10.8 months (95% CI: 9.5-12.1), respectively. In case of progression the most common metastatic sites were the liver and lung.
Proteomic profiling of colorectal cancer patients and normal controls. Serum obtained immediately prior to start of chemotherapy in 40 eligible and evaluable patients with advanced CRC was analyzed by SELDI-TOF MS and compared to the proteomic profile of 40 NC who were matched for age, gender and time period of serum collection. By using the protein chip analysis and applying the BMW software application we Table I . Patient characteristics. Table II . Objective response rate in all evaluable patients. Partial response  20  50  Stable disease  10  25  Progressive disease  10 Table III . Peaks and their tentative identities, significantly discriminating between colorectal cancer patients (CRC) and normal control subjects (NC) in order of significance. 
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- ---------------------------------------------------------------------------------------------------- detected 38 peaks that significantly differentiated between CRC patients and NC. From these we excluded low mass-tocharge ratios (m/z values <2 kDa) as they cannot be reliably attributed to real proteins due to interference by the sinapinic acid (SPA) matrix up to this m/z. Furthermore, peak integrity of all significant peaks was checked visually and peaks not visually discernable from noise were excluded (14) . This approach resulted in the identification of 13 proteins that were significantly differentially expressed in colorectal cancer patients and matched NC (Table III) Table III . Although all these peaks could be identified as significantly different, some of them (m/z 31.9, 2.0 and 2.1 kDa) showed very high technical variability as shown by their mean CV. Therefore, the results for these potential biomarkers should be interpreted with caution.
Proteomic profile and response prediction. Proteomic profiles of serum obtained from CRC patients immediately prior to start of chemotherapy were analyzed according to response. Response evaluation was determined prior to start and after every second cycle, according to protocol, in 40 patients eligible for response evaluation according to RECIST criteria. Patients were divided in two groups according to maximal response and survival. Responders were 20 patients with a partial response and a mean overall survival 20 months and non-responders 10 patients with primary progressive disease and a mean overall survival of 10 months (p<0.05). In the pre-processing normalization procedure 1 serum sample from the CRC non-responders was categorized as outlier and excluded from further analysis (26) . By applying MannWhitney U test a positive correlation was observed between 6 proteomic peaks. One of these proteins with a m/z value of 3330 Da reached significance at p<0.01 (Table IV) , serving as a potential predictive biomarker for chemotherapy response in CRC patients.
Proteomic profile changes according to response. Finally, we selected patients of whom serial blood samples had been collected during chemotherapy for identification of peptides that significantly changed during treatment. Patients were selected according to response to chemotherapy, number of blood sample collections (≥4 during chemotherapy) and time of blood sample collection, which was predefined at immediately prior to chemotherapy (<2 weeks), 6, 12 and 18 (±2) weeks, respectively. Fifteen patients (11 with PR and 4 with PD as best response, respectively) fulfilled all criteria and were analyzed. Serum samples from 7 patients of the 11 responsive patients were collected during subsequent progression. Therefore, we were able to build two sets of eleven serial blood sample collections during PR and PD disease state. The patients had received 3-9 (mean 6) chemotherapy cycles and had given 4-12 (mean 8) blood samples at different time points. By proteomic profile analysis of these serum samples we were able to identify a number of peaks that changed prominently during treatment and according to response (Fig. 1) . Two of the peaks, m/z 2022 and 28100 Da, showed a significant relationship between presence of CRC and peak intensity as analyzed by the previously described model. As previously described a linear mixed effect (lme) model was constructed for each peak with peak intensity as response variable. For peak 2022 the intensity was the only variable found to change significantly (p<0.05) according to CRC, response or non-response. The p-value resulting from dropping CRC from the lme model was 0.014, which corresponds to a lower bound on the conditional type I error probability (CEP) of 0.12. An estimate for the mean intensities (and 95% C.I.s) for patients with PR was 7.5 (95% CI: 6.1-9.2), and for patients with PD the estimate was 5.3 (95% CI: 4.2-6.8) as shown in Fig. 2 . During the treatment period the interaction term between disease state and time (week) were determined to be significant for peak 28100 Da. The effect of removing disease state from this model was p=0.008, which has a corresponding CEP of at least 0.10. The effect of chemotherapy was to decrease the mean intensities by 25% (95% CI: 2%, 53%). There was no change over time of the mean intensities of patients with PD, however, patients with PR experienced a drop in mean intensities of 2% per week (95% CI: 0.2%, 4%) (Fig. 3) .
While the results for peaks 2022 and 28100 show promising correlations between changes in peak intensities and disease state, response or non-response, it must be noted that the conditional type I error rates for these results were Table IV . M/z values that differentiated between responding and non-responding patients, possibly predicting chemotherapy response. ----------------------------------------------------------------------------------------------------- both at least 10%. Given that the accepted upper bound of type I errors is 5%, further research must be conducted to confirm these results.
Discussion
In this single institutional phase II study we describe detection of significantly different proteomic patterns in CRC patients vs. NC subjects serving as potential biomarkers of colorectal cancer. Protein analysis with SELDI-TOF mass spectrometry of serum from cancer patients is a promising tool for the detection and identification of novel proteins or proteomic profiles that are disease specific. Individual proteins could possibly serve as specific biomarkers for disease detection (screening), prognosis (prognostic) or treatment response (predictive). In our study we found that, in prospectively collected serum samples, 13 proteins were differently expressed in advanced CRC patients compared to NC subjects. Of these, we identified two proteins, with m/z value of 14060 and 28100 Da that significantly (p<0.0001) differentiated between CRC patients and NC acting as candidate biomarkers of CRC. Subsequent analysis identified m/z value of 3330 kDa as a potential predictive marker of therapeutic response (p<0.01) and two other proteins, with m/z value of 2022 and 28100 Da, as potential biomarkers for therapeutic monitoring. Protein with m/z value of 14060 Da, discriminating between CRC and NC subject, has previously been identified as glutathionylated transthyretin (23, 27, 28) . Zhang et al (29) has identified transthyretin as a potential biomarker of ovarian cancer. In their validation set of 20 CRC patients transthyretin was shown to be significantly less abundant, than in healthy controls, albeit to a lesser degree than in ovarian cancer patients. Fung et al (13) suggested that measuring different forms of serum transthyretin resulted in higher diagnostic accuracy than measuring total transthyretin alone. Furthermore, they stated that the lower level of total transthyretin seen in CRC patients is due to down-regulation of truncated and unmodified forms of transthyretin, but that the cysteinylated and glutathionylated forms are only significantly decreased in ovarian cancer. Our results, showing reduced expression of glutathionylated transthyretin in CRC patients in comparison to NC subjects, are thus in accordance with this theory. Moore et al (30) confirmed later the role of transthyretin, in combination with apolipoprotein A-I and CA-125, as potential biomarker of ovarian cancer (29, 30) .
The second protein, with m/z 28.1 kDa, was previously identified by us and others as apolipoprotein A-I (Apo A-I) and that this protein differentiated between CRC patients and NC subjects (10) . The serum level of Apo A-I was significantly lower in CRC patients than in NC suggesting lower activity of the protease necessary for its production. Apolipoprotein A-I is synthesised as a pre-pro-peptide of which the mature peptide is generated by N-terminal cleavage of six amino acids. The responsible enzyme is metal-dependent and insensitive to serine-protease inhibitors (31) . The expression of Apo A-I has been shown to be decreased in several malignancies including cholangiocarcinoma (32) and ovarian cancer (29, 33, 34) . Furthermore, increased expression of Apo A-I has been observed in liver metastases as well as, although to a lesser extent, in primary tumors of colorectal origin (35) . The precise role of Apo A-I in colorectal cancer has to be determined but, taken into account the lower expression in other malignancies (29, 30) , we acknowledge that it is not disease specific and thus unlikely to be a selective biomarker with high specificity for colorectal cancer.
Among the other proteins that significantly differentiated between CRC patients and NC subjects, the 32 kDa protein (p<0.001) is of greatest interest. This m/z value belongs most likely to tissue factor pathway inhibitor 2 (TFPI-2) with molecular mass of 32 kDa (24) although not confirmed in our study. This protein had a low intensity but with serum level significantly higher in CRC patients compared with NC subjects.
Our second aim was to identify predictive biomarkers of response by comparing serum obtained prior to chemotherapy, according to response, in evaluable patients. Six candidate predictive biomarkers were identified. Of these only the m/z value of 3.3 kDa was significantly differently expressed in patients that developed a partial response (PR) in comparison to patients that were progressive (PD) at first evaluation (p<0.01). Serum levels of the 3.3 kDa protein at baseline were significantly lower in patients with PD compared with patients that developed PR (Table IV) , which were again lower than in NC subjects. This correlates with our previous analysis in which the 3.3 kDa protein was markedly reduced in CRC patients compared with NC subjects (10) , making the 3.3 kDa protein another important discriminating protein between CRC patients and NC. Furthermore, in our previous analysis the 3.3 kDa peak value was highly correlated with apolipoprotein C-I, which has a theoretical mass of 6630.58 Da (10) . The 3.3-kDa peak is considered a double charged artefact of the 6.6-kDa protein although not confirmed. These results should be interpreted with caution because of the limited number of patients analysed.
Searching for potential biomarkers of therapy monitoring we discovered two proteins with, m/z 2.0 and 28.1 kDa (Apo A-1), that had different expression according to chemotherapy response by serial analysis of serum obtained during chemotherapy. The decline in the intensity of both proteins was more pronounced in responding patients compared with non-responding patients. This may indicate that the change in serum levels of these proteins correlated with response, which could be useful to monitor antitumor activity of chemotherapy (Figs. 1-3) . The 2.0 kDa protein is probably a hemoglobulin ·-chain fragment (amino acids 110-128, NH2-AAHLPAEFTPAVHASLDKF-COOH) although this was demonstrated in analysis of cervicovaginal fluid (36) . Considering the large variability of this protein, as shown by the high CV, its usefulness to monitor chemotherapy response should be interpreted cautiously. Apo A-I was found to discriminate between CRC and NC with higher serum levels in NC, but it was not predictive of chemotherapy response in samples taken prior to start chemotherapy. Declining levels of the acute phase protein Apo A-I coinciding with treatment response might reflect a decrease in systemic inflammation associated with advanced CRC and not directly related to shrinkage in tumor volume. Regardless of this the expression of apolipoprotein A-I might play a future role in therapy monitoring of first-line oxaliplatin-capecitabine chemotherapy in patients with advanced colorectal cancer.
In this study, we were able to reproduce our previously identified biomarkers for CRC patients in an independent prospective data set, which supports the use of the applied CM 10 chip and our previously described material selection and analysis methods. In addition, our previously described collection and storage at -30˚C does not appear to cause significant degradation of the proteome profile for up to 2 years. Although not conclusive there were some differences seen in responding and non-responding patients.
Study limitations are the relatively low number of patients which was caused by the introduction of bevacizumab to the standard first-line chemotherapy for CRC patients. Although we were able to reproduce our previous results and methodology the current study should be repeated in a larger cohort of patients to confirm the obtained results. Our ability to reproduce the previously detected peak at m/z 28.1 kDa supports the applied experimental conditions for proteomic analysis in patients with advanced colorectal cancer.
In conclusion, we identified 13 proteins that significantly differentiated between CRC and normal subjects of which two proteins, with m/z values of 14060 and 28100 Da respectively, may serve as candidate biomarkers of CRC but previously we identified the 28.1 kDa protein as Apo A-I, a candidate biomarker of CRC.
